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[57] ABSTRACT 

Methods of treating and/or imaging tumors utilize A1 
adenosine-receptor activated cells (such as monocytes and 
macrophages) are described. Activated cells may be admin 
istered systemically or locally, and may be radiolabelled to 
provide imaging and diagnostic functions. Macrophages 
resident in tissues may be primed and activated for use in 
treating and imaging tumors. 
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METHOD AND COMPOSITIONS FOR 
TREATING AND DIAGNOSING TUMORS 

USING ADENOSINE RECEPTOR ACTIVATED 
CELLS 

FIELD OF THE INVENTION 

The present invention relates to methods of treating and or 
imaging tumors, and particularly to methods of treating 
and/or imaging tumors using A1 adenosine-receptor acti 
vated cells, such as monocytes, macrophages and/or sple 
nocytes. 

BACKGROUND OF THE INVENTION 

Purinergic receptors can be classi?ed into the P1 
(adenosine) receptors and the P2 (adenosine 5‘ triphosphate) 
receptors. Adenosine receptors can further be delineated into 
major subclasses, the A1, A2 (Ad2 and Aazb) and A3 adenos 
ine receptors. These subtypes are differentiated by molecular 
structure, radioligand binding pro?les, and by pharmaco 
logical and functional activity. Binding of adenosine, a 
naturally occurring nucleoside, to speci?c adenosine recep 
tors leads to either stimulation (AZ-receptor activation) or 
inhibition (Al-receptor activation) of adenylate cyclase 
activity resulting in an increase or decrease of intracellular 
cAMP, respectively. Most tissues and cell types possess 
either the A1 or A2 receptor, or both. Moreover, A1 adenosine 
receptors have been identi?ed in the nuclear fraction of 
splenocytes (Donnabella, Life Sci. 4611293 (1990)). Speci?c 
A1, A2, and A3 antagonists and agonists are Well-knoWn in 
the art. See, e.g., Trivedi et al., Structure-Activity Relation 
ships of Adenosine A1 and A2 Receptors, In: Adenosine and 
Adenosine Receptors, M. Williams, Ed., Humana Press, 
Clifton, N.J., USA (1990); Jacobson et al., J. Medicinal 
Chem. 351407 (1992); Fredholm et al., Pharm. Rev. 461143 
(1994); Jacobson, Abstracts from Parines ’96, Drug Dev. 
Res., March 1996, page 112. Divalent ions (Mg2+ and Ca2+) 
and allosteric enhancers enhance the binding of A1 adenos 
ine receptor agonists to A1 adenosine receptors (Kollias 
Baker, Circ. Res. 751961 (1994)). Allosteric enhancers 
enhance A1 receptor mediated responses and are described 
in Bhattacharya, Biochim. Biophys. Acta 1265115 (1995). 

In?ammatory cells, including monocytes and alveolar 
macrophages are knoWn to express the A1, A2 and A3 
receptor subtypes. Eppell et al., J. Immunology 14314141 
(1989); Lapin and Whaley, Clin. Exp. Immunol. 571454 
(1984); Saijadi, et al., J. Immunol. 15613435 (1996). Acti 
vation of the A3 or A2 receptors has been shoWn to inhibit 
monocyte function. 

Mature monocytes enter the circulatory system from the 
bone marroW; some monocytes enter tissues and develop 
into macrophages in the spleen, lymph nodes, liver, lung, 
thymus, peritoneum, nervous system, skin and other tissues. 
Monocytes and macrophages can be identi?ed by 
morphology, cell surface antigens, and the presence of 
characteristic enZymes. Both monocytes and macrophages 
play a role in in?ammatory responses by eliminating bac 
teria and other pathogens by phagocytosis. Monocytes and 
macrophages also secrete various proteins active in immune 
and in?ammatory responses, including Tumor Necrosis Fac 
tor (TNF) and Interleukin I (IL-1)). Upon stimulation, 
monocytes and macrophages can generate various oxygen 
metabolites, including superoxide anion and H202 that are 
toxic to both pathogens and normal cells. 

SUMMARY OF THE INVENTION 

A ?rst aspect of the present invention is a method of 
inhibiting the groWth of tumor cells in a subject, Wherein a 
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2 
sample of treatment cells is taken from a subject and 
contacted With a priming agent, and then activated by 
contact With an A1 adenosine receptor agonist, in order to 
induce cytotoxicity in the treatment cells. The cytotoxic 
treatment cells are then administered to the subject. 
A further aspect of the present invention is a method of 

inhibiting the groWth of tumor cells in a subject, Wherein a 
macrophage priming agent is administered to tissue contain 
ing tumor cells, in an amount suf?cient to prime resident 
macrophages. An A1 adenosine receptor agonist is then 
administered to the tissue containing the tumor cells to 
induce cytotoxicity in the primed macrophages. 
A further aspect of the present invention is a method of 

imaging tumor cells in vivo in a subject, Wherein a sample 
of treatment cells is taken from a subject and contacted With 
a priming agent, and then labeled With a radiolabelled 
selective A1 adenosine receptor ligand. The radiolabelled, 
primed treatment cells are then administered to the subject 
to provide a radioimage of any tumor cells present. 

Fang et al. reported the inhibition of cell groWth in 
hormone-refractory prostate cancer cell lines using P2 puri 
nergic receptor agonists. These authors concluded that 
human androgen-independent prostate carcinoma cells 
expressed functional PZ-purinergic receptors, and proposed 
that agonists of such receptors be used to inhibit the groWth 
of related neoplasms. Methods of treating prostate cancers 
by administration of a P2 purinergic receptor agonist are 
provided in US. Pat. No. 5,415,873. 
US. Pat. No. 4,880,918 (Rapaport) reports the use of loW 

doses of extracellular adenosine 5‘-diphosphate (ADP) or 
adenosine 5‘-triphosphate (ATP) for the selective inhibition 
of groWth and subsequent cell death of malignant cells. Such 
treatment is reported as inhibiting malignant cell groWth 
Without affecting normal cell activity. ATP and ADP are 
stated as able to permeate the plasma membrane of tumor 
cells (but not normal animal cells) Without prior degradation 
to adenosine 5‘-monophosphate (AMP) or adenosine. It is 
stated that the effects of ADP and ATP cannot be duplicated 
With the use of AMP or adenosine. 

US. Pat. No. 5,049,372 (Rapaport) reports that adminis 
tration of adenine nucleotides (AMP, ADP or ATP) into a 
host results in elevation of extracellular blood plasma ATP 
levels, Which in turn inhibit tumor groWth as Well as 
ameliorating cancer cachexia in tumor-bearing hosts. 
Tey et al. Biochem. Biophys. Res. Comm. 18711486 (1992) 

report that adenosine evoked a biphasic response in cultured 
human epidermoid carcinoma cells. A loW concentration 
inhibited colony formation While higher concentrations pro 
gressively reversed the inhibition. When both A1 and A2 
receptors Were blocked, hoWever, colony formation or 
groWth Was not inhibited at loW concentrations of adenosine 
but Was inhibited at high concentrations. 
D’Ancona et al. reported the in vitro effects of NECA 

(5‘-(N-ethyl) -carboxamidoadenosine), an A1 and A2 
adenosine receptor agonist, and 1,3-dipropyl-8-(2-amino-4 
chloropheny)-xanthine (PACPX), a selective A1 adenosine 
receptor antagonist, administered directly to human meta 
static cell lines. Anticancer Research 14193 (1994). The 
drugs Were reported as having an inhibitory effect on cell 
groWth. 
The foregoing and other objects and aspects of the present 

invention are explained in detail in the speci?cation set forth 
beloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A direct interaction of macrophages and tumor cells, in an 
approximately 2011 ratio (macrophages1tumor cells), has 
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been reported as required for the tumoricidal effect of 
macrophages to be seen. Alexander and Evans, Nature New 
Biology 232176 (1971). It is not fully understood hoW the 
actual cytotoxic effects of macrophages on tumor cells 
occurs. 

Relatively loW concentrations of bacterially derived 
endotoxic lipopolysaccharides (LPS) are knoWn to activate 
macrophages, stimulating the macrophages to synthesiZe 
and secrete immunologically important cytokines, including 
interferon-ot/B, interleukin-1, and tumor necrosis factor. See 
Alexander, Nature New Biology 232176—78 (1971); Pace and 
Russell, J. Immunol. 12611863 (1981); Hamilton and 
Adams, Immunology Today 81151 (1987); Chen et al., Curr. 
Topics Microbiol. Immunol. 1811169 (1992). Exposure to 
LPS can result in fully activated macrophages capable of 
killing tumor cells. Saturable and speci?c binding of LPS to 
peritoneal macrophages has been reported. Haeffner 
Cavaillon et al.,J. Immunol. 12811950 (1982). HoWever, the 
biochemical sequence of events triggered by LPS interaction 
With macrophages Which results in the tumoricidal activa 
tion of macrophages has not yet been de?ned. It has been 
suggested that LPS activation of the Gi protein may be 
involved in macrophage interactions. See Chen et al., Curr 
Topics Microbiol. Immunol. 1811169 (1992). 

The presence of A2 receptors on monocytes has been 
reported. Lappin and Whaley, Clin. Exp. Immunol. 571454 
(1984). The presence of A1, A2, and A3 adenosine receptors 
has been reported on human differentiated macrophages 
primed With phorbol myristoyl acetate (PMA) (Saij adi et al., 
J. Immunol. 15613435 (1996)). Activation of A2 or A3 
adenosine receptors has been reported to inhibit the release 
of tumor necrosis factor from activated (LPS induced) 
human monocytes (macrophages). Prabhakar, International 
J. Immunopharm. 171221 (1995); Saijadi et al., J. Immunol. 
15613435 (1996). Activation of A2 adenosine receptors is 
also knoWn to stimulate cell proliferation (in chick brain 
astrocytes). Rathbone, Medical Hypothesis 371213 (1992). 

Macrophages, When stimulated by any of a variety of 
ligands or compounds, undergo a cyanideinsensitive respi 
ratory burst and concomitantly secrete reactive oxygen 
intermediates. Oxygen consumption is greatly increased 
during this respiratory burst. Products released by macroph 
ages during such metabolic bursts may be used as markers 
in the analysis of signal transduction mechanisms Which 
lead to rapid macrophage responses. See Hamilton and 
Adams, Immunology Today 81151 (1987). 

These metabolic bursts of macrophages can be enhanced, 
or primed, by exposure to stimuli Which do not, in 
themselves, trigger a metabolic burst. See Babior, Blood 
641959 (1984); Babior J. Clin. Invest. 731599 (1984). Phor 
bol myristoyl acetate (PMA, a stimulant of protein kinase C 
(PKC)) is knoWn to prime macrophages for activation. 
Hamilton and Adams, Immunology Today 81151 (1987). 
Thus, macrophages may ?rst be primed (for example by 
exposure to PMA or IFNO.) and then interact With LPS to 
become fully activated. As used herein, “activated” mac 
rophages are those Which possess tumoricidal functions. As 
used herein, “priming” of macrophages refers to a treatment 
Which enhances the metabolic burst of macrophages, 
Wherein the metabolic burst is increased over that Which 
Would occur in the absence of priming. As used herein, 
“primed” macrophages refers to those that have undergone 
a priming treatment; “primers” or “priming agents” refer to 
agents capable of priming macrophages. 

Thus the induction of tumoricidal effects in cells such as 
and including macrophages may occur in tWo steps, includ 
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4 
ing a ?rst response to a priming factor and a second response 
to a an activating factor (such as LPS) Which induces 
tumoricidal effects. Exposure to the ?rst priming factor 
loWers the dose requirement for the activating factor. 

Following ischemia and reperfusion, activation of A1 
adenosine receptors present on pulmonary arterial endothe 
lial cells results in a cytotoxic effect. In heart tissue 
adenosine, A1 adenosine receptor agonists, or a brief period 
(from approximately 5 to about 15 minutes) of precondi 
tioning ischemia attenuates ischemiareperfusion (I-R) 
injury. See, eg Neely and Keith,Am. J. Physiol. 2681L1036 
(1995). In the lung, thromboxane is released during ischemia 
and is a mediator of I-R injury. Adenosine produces vaso 
constriction in the pulmonary vascular bed by acting on A1 
receptors to induce the release of thromboxane. These 
vasoconstrictor responses in endothelial cells are desensi 
tiZed by prior treatment With loW doses of A1 receptor 
agonists. It Was hypothesiZed that during preconditioning 
ischemia, adenosine attenuates ischemia-reperfusion injury 
of the heart by activation and subsequent desensitiZation of 
A1 adenosine receptors. Preconditioning ischemia attenuates 
ischemia-reperfusion (I-R) injury of both lung and heart. In 
vieW of these ?ndings, Neely and Keith (1995) hypothesiZed 
that during longer periods of ischemia (longer than about 10 
to about 15 minutes), greater amounts of adenosine are 
released, Which activates A1 receptors; thus if an initial 
desensitiZation of A1 receptors is the mechanism by Which 
preconditioning ischemia attenuates I-R injury, and A1 
receptor activation during prolonged periods of ischemia 
initiates I-R injury of the lung and heart, A1 receptor 
antagonists should provide a protective effect in I-R injury 
of the lung and heart. A1 receptor antagonists Were in fact 
found to protect against I-R injury in vivo in the lung and 
heart in animal models (Neely and Keith, Am. J. Physiol, 
Lung Cell. Mol. Physiol. 2681L1036 (1995); Neely et al., 
Circulation November 1996). Additionally, the present 
inventor has found that folloWing hypoxia/anoxia of pulmo 
nary artery endothelial cells, DPCPX (a highly selective A1 
adenosine receptor antagonist) inhibits an increase in an 
enZyme (phospholipase A2 (PLA2)) Which is important for 
the release of cytotoxic substances including thromboxane 
from these cells in vitro; A1 receptor antagonists provide 
protection against this cytotoxic effect. See US. Pat. No. 
5,504,090 (Apr. 2, 1996). All patents cited herein are incor 
porated herein in their entirety. 

It is knoWn that lipopolysaccharide (LPS, endotoxin) 
binds to cells and induces the release of mediators from 
neutrophils, monocytes, macrophages, and endothelial cells. 
These mediators are important in the pathophysiology of 
endotoxin-induced acute lung injury. The present inventor 
has recently found that, in pulmonary arterial endothelial 
cells, both A1 adenosine receptor agonists and endotoxin 
(LPS) induce thromboxane release, that endotoxin induced 
inhibition of adenylate cyclase or thromboxane release is 
blocked by a highly selective A1 adenosine receptor antago 
nist (1,3 dipropyl 8 cyclopentylxanthine (DPCPX)), and that 
endotoxin displaces the binding of highly selective A1 
adenosine receptor antagonist radioligands [3H] DPCPX and 
125I-BW A844U. These ?ndings indicate that LPS binds to 
and activates A1 adenosine receptors on pulmonary artery 
endothelial cells. Also, A1 adenosine receptor antagonists 
are able to block such endotoxin-induced lung injury, sup 
porting that activation of A1 adenosine receptors is impor 
tant in endotoxin-induced acute lung injury. Neely, Jin and 
Keith, Am J. Physiol, Lung Cell Mol. Physiol, 2681L1036, 
1995. 
As described above, evidence indicates that binding of 

LPS to endothelial cells occurs through A1 adenosine recep 
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tors. LPS is known to activate macrophages to become 
tumoricidal; the present methods utilize A1 adenosine recep 
tor agonists to activate treatment cells (including but not 
limited to macrophages, monocytes and/or splenocytes) and 
induce tumoricidal effects in or by such treatment cells 
similar to those induced by LPS (for example, in 
macrophages). (As used herein, “treatment cells” refers to 
the activated cells used to treat or image tumors, to distin 
guish from the neoplastic cells being treated). The activated, 
tumoricidal cells release cytotoxic substances, such as tumor 
necrosis factor. Prior to activation, cells may be primed to 
increase the tumoricidal effects. 
As used herein, the induction of tumoricidal or cytotoxic 

effects “in” treatment cells, or “by” treatment cells, refers to 
the induction of cellular activities in treatment cells Which 
alloW the treatment cells to have cytotoxic effects on neo 
plastic target cells. The induction of such effects can be 
assessed by analyZing the cellular components of the treat 
ment cell, or the factors produced by the treatment cell, or 
by studying the cytotoxic effects of the treatment cell on an 
appropriate target cell. 

The methods of the present invention also utiliZe hypoxia 
and reoxygenation conditions to increase A1 adenosine 
receptor activation and signal transduction pathWays Which, 
folloWing activation, result in the release of cytotoxic sub 
stances. As noted above, folloWing ischemia and 
reperfusion, activation of A1 adenosine receptors present on 
pulmonary arterial endothelial cells causes a cytotoxic effect 
(Neely and Keith (1995)), and the release of a cytotoxic 
substance, thromboxane, has been found by the present 
inventor to be blocked by an A1 adenosine receptor antago 
nist (DPCPX). In heart tissue adenosine, A1 adenosine 
receptor agonists, or a brief period of preconditioning 
ischemia attenuates ischemia-reperfusion (I-R) injury. In the 
lung, thromboxane is released during ischemia and is a 
mediator of I-R injury. Moreover, ischemia and reperfusion 
enhance the capacity of LPS to produce cytotoxicity and 
damage organs. Ischemia and reperfusion sensitiZes organs 
to the injurious effects of LPS. 

Prior to activation of the treatment cells using the methods 
provided herein, the number of available A1 adenosine 
receptors on the cell may be increased by treatment With 
dexamethasone (GerWins et al., Mol. Pharmacol. 
40:149—155 (1991)) or lipofection With plasmids containing 
cDNA encoding A1 adenosine receptors (Robeva et al., 
Biochem. Pharmacol. 51:545—555 (1996); Felgner, Proc. 
Natl. Acad. Sci. 84:7413 (1987)). Prior to activation, treat 
ment of cells With an allosteric enhancer (for example, 
2-amino-3-benZoylthiophenes such as PD 81,723) increases 
A1 adenosine receptor ligand binding and stabiliZes A1 
adenosine receptor-G protein complexes (Bhattacharya, Bio 
chimica. Biophysica. 1265:15—21 (1995)). 
An undesirable tolerance to A1 adenosine receptor ago 

nists in lung macrophages and other cells having multiple 
exposures to LPS may occur (Neely, Am. J. Physiol. 270 
(Heart Circ. Physiol. 39)H610 (1996)). Prior to or concur 
rent With activation, provision of protein kinase inhibitors to 
treatment cells prevents tolerance to the tumoricidal effect of 
LPS (Sato, Int. J. Cancer 66:98—103 (1996); BoWling, J. 
Surg. Res. 63:287—292 (1996); Kravchenko et al., Shock 
5:194—201 (1996)). Also, LPS induces the release of tumor 
necrosis factor alpha (TNFot) by inducing the phosphoryla 
tion of tyrosine and an increase in tyrosine kinases. Tyrosine 
phosphatase inhibitors such as sodium orthovanadate 
(vanadate) enhanced LPS induced production of TNFO. in 
monocytes. Beatty, Eur J. Immunol. 24:1278 (1994). 
When activating treatment cells in culture, adenosine 

deaminase (an enZyme responsible for the metaboliZing of 
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6 
adenosine) may be added to the culture to decrease or 
remove free adenosine Which may be present in the culture; 
such adenosine Would compete With the adenosine receptor 
agonist added to the culture to activate the treatment cells. 
The methods of the present invention utiliZe the cytotoxic 

effects of activated cells (including but not limited to 
macrophages, monocytes and/or splenocytes) to inhibit the 
groWth of tumor cells. The present methods may be carried 
out by direct activation of cells by: (1) administering A1 
adenosine receptor agonists to cells at the site of the tumor 
to be treated, (2) isolating and activating cells in vitro With 
subsequent systemic administration of activated cells to the 
subject or administration directly to the tumor site, (3) 
isolating monocytes from the subject to be treated and 
culturing the monocytes to produce macrophages, Which are 
activated in vitro and then administered systemically to the 
subject or directly to the treatment site or (4) activating cells 
obtained from a cell line or other source. 

Cells used in the present methods are activated by expo 
sure to any suitable A1 adenosine receptor agonist, including 
but not limited to adenosine; cyclohexyladenosine; various 
N6-substituted A1 adenosine agonists including but not 
limited to N6 cyclopentyladenosine, N6 
R-phenylisopropyladenosine, 2-chloro N6 cyclopentyl 
adenosine (CCPA), N6 (p-sulfophenyl) alkyl and N6 sul 
foalkyl derivatives of adenosine (such as N6-(p-sulfophenyl) 
adenosine; 1-deaZa analogues of adenosine including but not 
limited to N6 cyclopentyl 1-2-chloro-1-deaZa adenosine 
(1-deaZa-2-Cl-CPA); N6 cycloaklyladenosines; N6 bicy 
cloalkyladenosines; ribose modi?ed adenosine receptor ana 
logues including but not limited to 3‘-deoxy-R-PIA. See, 
e.g., Conti, Naunyn-Schmiedeberg’s Arch. Pharmacol. 
348:108 (1993); Trivedi, J. Med. Chem. 32:8 (1989); 
Jacobsen, J. Med. Chem. 35:4143 (1992); Thedford, Expl. 
Cell. Biol. 57:53 (1989); TreWyn, Exp. Pharmacol. 28:607 
(1979); Fleysher, J. Amer Chem. Soc. (August 1968); 
Fleysher, J. Amer. Chem. Soc. (November 1969)); 
cycloalkyladenosines (see e.g., Moos, J. Med. Chem. 
28:1383 (1985)); analogs of R-PIA, CHA, and CPA (see, 
e.g., Cristalli, J. Med. Chem. 31:1179 (1988)). Van der 
Wenden, J. Med. Chem. 38:4000 (1995); Jacobson, PJM 
Med. Res. Rev. 12:423 (1992); Daly, J. Med. Chem. 25:197 
(1982). The binding of these A1 adenosine receptor agonists 
to A1 adenosine receptors and their activation may be 
enhanced by an allosteric enhancer such as P(2-amino-4,5 
dimethyl 1-3-thienyl)-[3-tri?uoromethyl phenyl] metha 
done. Additional A1 adenosine receptor agonists are knoWn 
in the art (see, e.g., Abstracts from Purines’96, Drug Dev. 
Res., March 1996: Knutsen et al. (p. 111); Franchetti et al. 
(p. 127); Di Francesco et al. (p. 127); van der Wenden et al. 

(p. 128); Kirkpatrick et al. (p. 128); van Schaick et al. 128)). Optimal dosing and administration schedules may be 

determined using routine methods knoWn to those in the art. 
In another embodiment of the present invention, the cells 

are ?rst treated (“primed”) to enhance A1 adenosine receptor 
activity. Cells are primed prior to activation by A1 adenosine 
receptor agonists. For example, macrophages may be primed 
using any priming agent knoWn in the art, including but not 
limited to PMA (see, e.g., Leaver, FEMS Microbiol. Immu 
nol. 47:293 (1989); White,J. Biol. Chem. 259:8605 (1984)); 
lipopolysaccharide (LPS) (see, e.g., Glaser, J. Biol. Chem 
265:8659 (1990); Pace, J. Immunol. 126:1863 (1981); 
Alexander, Nature New Biol. 232:76 (1971)); platelet acti 
vating factor (PAF) (see, e.g., SteWart, Immunology 78:152 
(1993); SalZer, J. Clin. Invest. 85:1135 (1990)); tumor 
necrosis factor alpha (TNFOL) or thrombin (see, e. g., SteWart, 
Immunology 78:152 (1993)); f-met-leu-phe (FMLP) (see 
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e.g., Stewart, Immunology 78:152 (1993)); Zymosan 
(Rankin,J. Clin. Invest. 86:1556 (1990); macrophage stimu 
lating factors including granulocyte macrophage colony 
stimulating factor (GM-CSF); ionomycin (for example in 1 
uM amounts); calcium ionophore (such as A 23187, for 
example in 0.1—10 uM amounts); gamma interferon (IFN'c, 
for example in 1—150 units/ml amounts) Flebbe,J. Immunol. 
145:1505 (1990); supernatants of tumor cells (Hamilton and 
Adams, Immunology Today 8:151 (1987); Marvin, J. Surg. 
Res. 63:248 (1996)); or bacterial products from gram posi 
tive organisms (see, e.g., Bacterial Endotoxin 
Linopolvsaccharides, Morrison and Ryan (Eds.) CRC Press, 
Boca Raton, Fla., 1992; Hamilton and Adams, Immunology 
Today 8:151 (1987); LoppnoW, Methods Enzymol. 236:3 
(1994)). Preferred priming conditions for the type of cell to 
be activated may be determined using routine methods 
knoWn to those in the art. For example, resident tissue 
macrophages may be primed With PMA in vivo, in the tumor 
or in tissues surrounding the tumor to be treated, then 
exposed to an A1 adenosine receptor agonist in order to 
activate the macrophages. 

In another embodiment of the present invention, priming 
of the cells to increase A1 adenosine receptor activation 
includes subjecting the cells to hypoxia and reoxygenation, 
for example, by placing cells (for example, macrophages) in 
a cell chamber and subjecting them to loW oxygen tension 
(e.g., 0—12% oxygen) for a suitable time (e.g., from about 5 
minutes to about 48 hours, more preferably from about 2 
hours to about 4 hours), prior to treatment With a priming 
agent as discussed above. See Lum, Circ. Res. 70:991 
(1992); OgaWa, Am. J. Physiol 262:C546 (1992); Milhoan, 
Am. J. Physiol. 263:H956 (1992); Arya, J. Surg. Res. 59:13 
(1995). Optimal hypoxia and reoxygenation conditions may 
be determined by routine experimentation as Would be 
apparent to one skilled in the art. Such treatment of the cells 
is designed to increase A1 adenosine receptor activity. 
Increased A1 adenosine receptor activity may be due, for 
example, to an increase in the number of receptors, an 
increase in G-protein (Gi protein responsible for coupling of 
A1 adenosine receptors to signal transduction pathWays), or 
an increase in enZymes responsible for the signal transduc 
tion processes. Priming procedures may be assessed, for 
example, by measuring receptor binding (A1 adenosine 
binding With saturation experiments); a decrease in 
forskolin-stimulated cAMP; levels of G protein; or release 
of superoxide ion (O2—), TXA2 (thromboxane), PAF 
(platelet activating factor), or cytokines (IL-1 or TNFot); and 
intracellular levels of enZymes responsible for cytokine 
release (e.g., phospholipase A2). See, e.g., SteWart, Immu 
nology 78:152 (1993); SalZer, J. Clin. Invest. 85:1135 
(1990); Liang J. Pharmacol. Exp. Ther. 249:775 (1989). 
Combinations of hypoxia and priming agents may be used to 
prime cells for use in the present methods. 
As discussed above, additional treatments of the cells to 

be activated may optionally include those Which increase the 
numbers of receptors on the cell (e.g., transfection With 
plasmid vectors containing cDNA encoding A1 adenosine 
receptors; treatment With dexamethasone); treatment With 
allosteric enhancers to increase A1 adenosine receptor ligand 
binding and stabiliZe A1 adenosine receptor-G protein com 
plexes; treatment With protein kinase inhibitors to prevent 
tolerance to A1 adenosine receptor agonists; or tyrosine 
phosphatase inhibitors to enhance LPS-induced TNFO. 
release. 
A further embodiment of the present invention includes, 

in addition to treating the cells With an A1 adenosine receptor 
agonist, treating the cells With an A2 adenosine receptor 
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8 
antagonists, including but not limited to triaZoloquinaZoline 
(CGS15943)(Williams J. Pharmacol. Exp. T her. 241:415); 
pyraZolo[4,3-e]-1,2,4-triaZolo [1,5-C] pyrimidine deriva 
tives such as 7-2(phenylethyl)-5-amino-2-(2-furyl) 
pyraZolo-[4.3-e]-1,2,4triaZolo[1,5-c] pyrimidine (Baraldi, J. 
Med. Chem. 39:1164 (1996); Zocchi J. Pharmacol. Exp. 
T her. 276:398 (1996)); 8-(3-chlorostyryl)caffeine (MathotJ. 
Pharmacol. Exp. Ther. 275:245 (1995)); 8-(3 
isothiocyanatostyryl)caffeine (Ji, Drug Dev Res. 29:292 
(1993)); E-1,3-diakyl-7-methyl-8-(3,4,5-trimethoxy-styryl) 
xanthines, (E)-1,3-dipropyl-7-methyl-8-(3,4 
dimethoxystyryl)xanthine (Shimada,J. Med. Chem. 35:2342 
(1995); Jackson J. Pharmacol. Exp. Ther. 267:1993); 4-(2 
[7-amino-2-{2-furyl} {1,2,4} triaZolo{2,3-a} {1,3, 
5}triaZin-5-yl-amino] ethyl)phenol (Palmer, J. Pharmacol. 
Exp. Ther. Mol. Pharmacol. 48:970 (1995)); 7-deaZa 
9phenyladenines (Daly, Biochem. Pharmacol. 37:3749 
(1988); see also Abstracts from Purines ’96, Drug Dev Res., 
March 1996 at p. 113 (Vittori et al.), p. 130 (Dionisotti et 
al.), p. 174 (Suzuki et al.), and p. 179 (SuZuki et al. and 
Dionisotti et al.); A3 adenosine receptor antagonists (see, 
e.g., Jacobson, Abstracts from Purines ’96, Drug Dev Res., 
March 1996 at p. 112). (Vittori et al.) 
The methods of the present invention utiliZe the cytotoxic 

effects of activated treatment cells (including but not limited 
to macrophages, monocytes and splenocytes) to inhibit the 
groWth of tumors, cancers and other neoplastic tissues. The 
methods of treatment disclosed herein may be employed 
With any subject suspected of carrying tumorous groWths, 
cancers, or other neoplastic groWths, either benign or malig 
nant (“tumor” or “tumors” as used herein encompasses 
tumors, cancers, disseminated neoplastic cells and localiZed 
neoplastic groWths). Examples of such groWths include but 
are not limited to breast cancers; osteosarcomas, 
angiosarcomas, ?brosarcomas and other sarcomas; leuke 
mias; sinus tumors; ovarian, uretal, bladder, prostate and 
other genitourinary cancers; colon, esophageal and stomach 
cancers and other gastrointestinal cancers; lung cancers; 
lymphomas; myelomas; pancreatic cancers; liver cancers; 
kidney cancers; endocrine cancers; skin cancers; melano 
mas; angiomas; and brain or central nervous system (CNS) 
cancers. In general, the tumor or groWth to be treated may 
be any tumor or cancer, primary or secondary, Which is 
recogniZed by cytotoxic cells (for example, macrophages) 
and Which induces the tumoricidal effect of the cells upon 
contact. See, e. g., Alexander and Evans, Nature New Biology 
232:76 (1971). 
The route of administration of activated cells Will vary 

depending on the subject being treated and the neoplasm 
being treated. Some tumors Which may be treated by the 
method of the present invention are cystic tumors: that is, 
tumors Which groW around a ?uid-?lled cavity, or cyst. 
Examples of such cystic tumors include (but are not limited 
to) cystic glioblastomas and cystic astrocytomas. In such 
tumors the priming agent and the A1 adenosine receptor 
agonist (or the activated cells) of the present methods may 
be administered directly into the cystic cavity. 

For administration, the activated cells may be mixed, 
prior to administration, With a non-toxic, pharmaceutically 
acceptable carrier substance (e.g. normal saline or 
phosphate-buffered saline), and may be administered using 
any medically appropriate procedure as Will be apparent to 
those of ordinary skill in the art, e.g., intravenous or intra 
arterial administration, injection into the cerebrospinal ?uid, 
intradermal administration, intraperitoneal administration, 
intracavity administration (e.g., via endoscopy of a body 
cavity, such as bronchoscopy or thoracoscopy), intrathecal 
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administration or direct administration to the tumor or to an 

artery supplying the tumor, or isolated perfusion of an 
affected limb. In addition, either intrathecal administration 
or injection into the carotid artery are advantageous for 
therapy of tumors located in the brain. Administration may 
occur With surgical exposure of the tumor, or visualization 
techniques as are knoWn in the art may be used to guide 
invasive administration. The methods of the present inven 
tion may be used in combination With other treatment 
modalities, such as chemotherapy or radiotherapy. 
Where the tumor is a solid tumor, administration may 

occur by ?rst creating a resection cavity in the location of the 
tumor and then depositing the activated cells in the resection 
cavity in like manner as With cystic tumors. 

Dosage of the activated treatment cells Will depend, 
among other things, on the type of activated cell utiliZed (for 
example, macrophages, monocytes and/or splenocytes), the 
subject and the tumor being treated, the route of 
administration, and the sensitivity of the tumor being 
treated. 
As used herein, “treatment” of a tumor or cancerous 

groWth refers to methods of inhibiting or sloWing the groWth 
or increase in siZe of a tumor or cancerous groWth, reducing 
neoplastic cell numbers, or preventing spread to other ana 
tomic sites, as Well as reducing the siZe of a neoplastic 
groWth or numbers of neoplastic cells. As used herein, 
“treatment” is not meant to imply cure or complete abolition 
of neoplastic groWths. 
As used herein, “contacting” a cell With a substance 

means (a) providing the substance to the environment of the 
cell (e.g., solution, in vitro culture medium, anatomic ?uid 
or tissue) or (b) applying or providing the substance directly 
to the surface of the cell, in either case so that the substance 
comes in contact With the surface of the cell in a manner 
alloWing for biological interactions betWeen the cell and the 
substance. 

The ability of activated cells to associate With tumor cells 
may also be utiliZed for methods of imaging or diagnosing 
tumorous or neoplastic groWths. In the diagnostic or imag 
ing methods of the present invention, radiolabelled A1 
adenosine receptor agonists (preferably selective for A1 
adenosine receptors) and/or A2 adenosine receptor antago 
nist ligands are used to label the cells (such as 
macrophages). (See Palmer, JPET Mol. Pharmacol. 481970, 
1995 regarding A1 agonists or A2 antagonists.) Where the 
ligands are A1 adenosine receptor agonists they additionally 
activate the cells as described above and may serve both 
imaging and therapeutic purposes. After administration of 
the radiolabelled activated cells to a subject and after a 
suitable time has elapsed to alloW association of activated 
cells and tumor cells (Which time Will vary depending on 
mode of administration of the labelled macrophages and site 
of the tumor), detection of the labelling signal is used for 
imaging or diagnostic (or therapeutic) purposes as are 
knoWn in the art. 

As used herein, “imaging” means the treatment of tumor 
cells such that they can be distinguished from non-tumor 
cells. Imaging methods are useful in diagnosing or screening 
for the presence of a benign or malignant groWth, assessing 
changes in siZe or extent of a groWth, as Well as in localiZing 
a groWth for treatment or surgical excision. The imaging 
methods disclosed herein may be employed to image neo 
plastic groWths in subjects diagnosed With such conditions, 
as Well as for screening subjects suspected of having neo 
plastic groWths, e.g., both subjects Who have been previ 
ously diagnosed With a neoplastic condition, and subjects 
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Who have not been previously diagnosed With a neoplastic 
condition. Subjects are typically humans, but also include 
veterinary subjects, including but not limited to dogs, cats, 
horses, coWs and other companion and livestock species. 

Techniques for preparing and utiliZing radioactively 
labeled adenosine receptor ligands are knoWn in the art. See, 
e.g., Williams and Jacobson, Radioligand Binding Assays 
for Adenosine Receptors, In: Adenosine and Adenosine 
Receptors, M. Williams (Ed.), Humana Press, Clifton, N]. 
(1990); Patel et al., Molecular Pharmacology 331585 
(1988); Williams et al., Receptor Pharmacology and 
Function, Marcel Dekker, NeW York (1988). 

For imaging and/or diagnostic purposes, the labeled cells 
may be administered systemically or locally, to areas Where 
tumor groWth is suspected. Suitable routes of administration 
include those discussed above for therapeutic uses of acti 
vated cells. 

The folloWing examples are provided to illustrate the 
present invention, and should not be construed as limiting 
thereof. 

EXAMPLE 1 

Isolation of Monocytes 

Monocytes are isolated from peripheral blood of human 
or animals subjects using techniques knoWn in the art. In 
human subjects, peripheral blood mononuclear cells may be 
obtained by plataletpheresis and puri?ed on ?coll-percoll 
(Prabhakar et al., Int. J. Immunopharmac. 171221—224 
(1995); Prabhakar et al., Int. J. Immunopharmac. 
151205—209 (1993)). Monocytes may alternatively be iso 
lated using counter?oW elutriation. Bohnsack et al. J. Immu 
nol. 13613793 (1986). 

The above techniques provide a sample of isolated periph 
eral monocytes. 

EXAMPLE 2 

Differentiation of Monocytes In Vitro 

Monocytes isolated as described in Example 1 are cul 
tured in viltro. Suitable culture media include RPMI-1640 
supplemented With FCS (Prabhakar et al., Int. J. Immunop 
harmac. 171221—224 (1995); Bohnsack et al. J. Immunol. 
13613793 (1986)) 1—20% serum. In vitro differentiation of 
peripheral monocytes to macrophages is knoWn in the art. 
Eppell, J. Immunol. 14314141 (1989). In vitro culture for 
5—6 days increases adenosine binding to the cultured cells as 
evidenced by an increase in density of A1 adenosine recep 
tors ([3 max) as demonstrated in saturation radioligand 
binding experiments With 3H DPCPX or 3H CCPA. 
An in vitro culture of macrophages is provided by the 

above techniques. Alternatively, macrophages may be 
obtained from established cell lines or from depositories 
such as the American Type Culture Collection. 

EXAMPLE 3 

Priming of Human Macrophages 

Isolated monocytes are cultured for 5—6 days as described 
in Example 2, above, to alloW monocytes to differentiate into 
macrophages. The macrophages are then primed in vitro in 
the presence of 1—20% serum (normal human serum) With a 
knoWn priming factor, such as effective amounts of phorbol 
myristoyl acetate. Amounts of PMA, and the exposure time 
required to prime macrophages Will be apparent to those 
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skilled in the art, and can be assessed, for example, by 
superoxide anion assays (Stewart, Immunology 781152 
(1993); Hamilton and Adams, Immunology Today 81151 
(1987)). Doses of other priming agents may be used, such as 
LPS (0.01 pg—100 ng/ml) (Glasner, J. Biol. Chem. 26518659 
(1990); IFN'C (1—150 u/ml) (Flebbe J. Immunol. 14511505 
(1990)); FMLP; calcium ionophore or GM-CSF. Use of 
0.01—1.0 nM PMA as a priming amount is reported by Yang, 
In?ammation 181221 (1994)). See also Leaver, FEMS 
Microbiology Immunol. 471293 (1989); Saijadi, J. Immunol 
15613435 (1996). 
To discern the priming of macrophages, the oxidative 

burst may be measured by any of various methods knoWn in 
the art. See, e.g., Hamilton, Immunology Today 81151 
(1987); Glaser et al., J. Biol. Chem. 26518658 (1990). 

The above techniques provide an in vitro culture of 
primed macrophages. 

EXAMPLE 4 

A1 Adenosine Receptor Agonist Activation of 
Macrophages 

To primed, cultured human macrophages provided as in 
Example 3, in the presence of Mg2+ or Ca2+ (1—100 mM) 
and adenosine deaminase (0.1—5 units/ml) and 1—20% 
serum, a selective A1 adenosine receptor agonist is added to 
activate the macrophages to a cytotoxic state. Suitable 
selective A1 agonists and conditions are Well knoWn in the 
art and include for example, R-phenylisopropyladenosine 
(R-PIA, 0.1—100 nM; see Tey et al., Biochem. Biophys. Res. 
Comm. 18711486 (1992)); S-ENBA; CPA (10-1°_10-8 M; 
Priebe Cancer Res. 5014328 (1990)) or CCPA1 added for a 
time period of 1—6 hours (Pace J. Immunol. 12611863 
(1981)) to activate the cultured macrophages. 

To a duplicate sample of primed, cultured human mac 
rophages treated as above, an A2 adenosine receptor antago 
nist such as DMPX (20am) (Prabhakar, Int. J. Immunop 
harm. 171221 (1995)) or CSC (Mathot et al., J. Pharm. and 
Exp. T her. 2751245 (1995); SCH58261 (1—300 nM) (Zocchi, 
J. Pharmacol. Exp. T her. 2761398 (1996)) is also added for 
up to 5 hours. This sample is utiliZed to determine the effect 
of A2 adenosine receptor agonist on LPS-induced TNFO. 
release, and to shoW that in the presence of the A2 antagonist 
an A2 agonist is unable to prevent or inhibit LPS-induced 
TNFO. release. Prabhakar and Brooks et al., Int. J. Immu 
nopharmacol. 171221 (1995). 

EXAMPLE 5 

Tumoricidal Effect of Primed, Activated 
Macrophages 

The tumoricidal effects of primed and activated 
macrophages, provided by the above Examples, are demon 
strated as folloWs. Primed, activated macrophages are placed 
into the Wells of microtiter plates containing culture media. 
Suitable microtiter plates are readily commercially avail 
able. 

Cells of any suitable human tumor cell line, as are readily 
available commercially, are prelabelled With 51 Cr (see, e.g., 
Pace, J. Immunol. 12611863 (1981) at p. 1864) and are 
seeded into multiple Wells at a concentration of macroph 
ages1tumor cells 12.5—10011 (Pace, J. Immunol. 12611863 
(1981); Sato Int. J. Cancer 66198 (1996)). Control Wells 
containing only radiolabelled tumor cells or only treated 
macrophages are also provided. Over an extended period 
(from about four, up to about 16 hours, about 24 hours, or 
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more than 24 hours, see Alexander, Nature New Biology 
232176 (1971) and Sato, Int. J. Cancer 66198 (1996)) the 
uppermost 0.1 pl of supernatant is removed from one or 
several Wells and assayed for radioactivity using techniques 
knoWn in the art. See, e.g., Pace, J. Immunol. 12611863 
(1981); Sato, Int. J. Cancer 66198 (1996); or Flebbe, J. 
Immunol. 14511505 (1990). The measurement of radioiso 
tope release from tumor cells provides a measure of cell 
death and is compared to controls. The release of radioiso 
tope over time is charted to indicate cytotoxic effects over 
time. 

EXAMPLE 6 

Release of Cytotoxic Factors by Primed, Activated 
Macrophages 

MultiWell plates containing primed, activated macroph 
ages as described in Example 4, above, are prepared. Over 
an extended period (up to 24 hours or more), samples are 
removed from one or several Wells and assayed for the 
presence of cytotoxic factors, including but not limited to 
Tumor Necrosis Factor alpha (TNFot) thromboxane (TXA2) 
[TXB2 (stable metabolite of thromboxane)], and 
Interleukin-1 as are knoWn in the art. ELISAS or radioim 

munoassays to detect the presence of these factors are 
commercially available, or Would be apparent to one skilled 
in the art. The release of cytotoxic factors over time is 
charted to indicate cytotoxic effects of the macrophages over 
time. 
The foregoing is illustrative of the present invention and 

is not to be construed as limiting thereof. The invention is 
de?ned by the folloWing claims, With equivalents of the 
claims to be included therein. 

That Which is claimed is: 
1. A method of imaging tumor cells in vivo in a subject, 

comprising: 
(a) obtaining a sample of treatment cells from a subject, 

said treatment cells selected from the group consisting 
of macrophages, monocytes and splenocytes; 

(b) priming said treatment cells by contact With a priming 
agent in an amount sufficient to prime said treatment 

cells; 
(c) labeling said treatment cells With a radiolabelled A1 

adenosinc receptor agonist, said A1 adenosine receptor 
agonist provided in an amount sufficient and for a time 
sufficient to induce cytotoxicity in said treatment cells; 
and then 

(d) administering said labelled treatment cells to the 
subject in an amount effective to provide a radioimage 
of tumor cells present in said subject. 

2. The method of claim 1 Wherein said selective A1 
adenosine receptor ligand is a selective A1 adenosine recep 
tor agonist in an amount sufficient to induce cytotoxicity in 
said treatment cells. 

3. The method of claim 1 Wherein said treatment cells are 
monocytes, and said monocytes are cultured to provide 
macrophages for priming in step 

4. The method of claim 1 Wherein said priming agent is 
selected from the group consisting of phorbol myristoyl 
acetate (PMA), lipopolysaccharide (LPS), interferon gamma 
(IFN'c), granulocyte-macrophage colony stimulating factor 
(GMCSF), and f-met-leu-phe (FMLP). 

5. The method of claim 1 Wherein said subject is human. 
6. The method of claim 1 further comprising contacting 

said treatment cells to an allosteric enhancer in an amount 
effective to enhance the binding of A1 adenosine receptor 
agonists to A1 adenosine receptors. 
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7. The method of claim 1 further comprising contacting 
said treatment cells to deXamethasone in an amount effective 
to increase the number of A1 adenosine receptor receptors on 
said treatment cells. 

8. The method of claim 1 further comprising contacting 
said treatment cells to a protein kinase inhibitor. 

9. The method of claim 1 further comprising the step of 
contacting said treatment cells to an A2 adenosine receptor 
antagonist. 

10. The method of claim 1 further comprising, prior to 
step (b), subjecting said treatment cells to a period of 
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hypoxia and re-oXygenation suf?cient to increase A1 adenos 
ine receptor activity. 

11. The method of claim 1 Wherein said administering 
step is carried out by administering said labelled treatment 
cells systemically to the subject. 

12. The method of claim 1 Wherein said administering 
step is carried out by administering said labelled treatment 
cells directly to tissue suspected of containing tumor cells. 


